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ABSTRACT

The porcupinefish genu.s Diodon is composed of five species: D. hystrix Linnaeus and D. eydouxii

Brissout de Bameville are closely related species, each of which has a relatively elongate body, spines

on the caudal peduncle, and high dorsal and anal fin ray counts; D. holocanthus Linnaeus and D.

Uturosus Shaw form a second species pair, each of which has a round body, no caudal peduncle spines,

and moderate dorsal and anal fin ray counts; D. nicthemerus Cuvier is a round-bodied species but

differs from D. holocanthus and D. Uturosus in meristic characters and spination.

Diodon hystrix. D. holocanthus. and D. eydouxii are distributed circumtropically. The Atlantic

population of D. holocanthus has diverged from the Indo-Pacific (including eastern Pacific) popula-

tions. Diodon eydouxii is pelagic, and both D. hystrix and D. holocanthus have pelagic juvenile stages.

Diodon Uturosus is found in the Indo-West Pacific, and D. nicthemerus is limited to Tasmania and

southern Australia. It is not known whether the latter species have pelagic stages.

The egg and larval stages of D. hystrix and D. holocanthus (the latter identified by rearing) are

similar. The pelagic eggs are 1.6-2.1 mmin diameter and hatch in about 5 days at 25°C. The larvae

metamorphose to spiny juveniles at ca. 4 mmin about 3 wk. Both species have pelagic juvenile stages of

long duration: D. hystrix remains pelagic to ca. 200 mmstandard length, thus providing ample time for

dispersal. Eggs and larvae of the other species are unknown.

The identities of the species of the genus Diodon

have been confused since the time of Linnaeus.

The most recent description of a valid "new"

species was in 1846, but, unfortunately, time has

done little to clarify the situation. Twenty-eight
nominal species attributable to Diodon have been

described since 1758, and most contemporary au-

thors recognize two or three species. However, Le

Danois (1959), in the only recent review of the

genus as a whole, recognized six species.

The present study grew out of attempts to iden-

tify juvenile Diodon that resulted from rearing of

pelagic eggs taken in Kaneohe Bay, Oahu, Hawaii

(Watson and Leis 1974). These juveniles could not

be identified using existing keys. While current

literature recognized only two species of Diodon in

Hawaiian waters, examination of museum speci-

mens revealed that three were present there. This

discovery, together with the encouragement of

J. E. Randall of the Bernice P. Bishop Museum, led

to the present study clarifying the identities of all

of the species of Diodon and the description of their
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development. An attempt was made to obtain in-

formation on existing type-specimens and this,

along with the examination of a large number of

specimens, has led to the conclusion that the genus
is composed of five species, three of which are dis-

tributed circumtropically. Further, it is shown
that the present taxonomic confusion is attributa-

ble to inadequate original descriptions, reliance

on poor characters for differentiation, the close

similarity of several of the species, and unusual

aspects of the life histories of the species of Diodon .

All of the nominal species could be distinguished
with some certainty with two exceptions: the type
of Diodon echinii.s Rafinesque 1810 could not be

located and the original description provides no

clue to its identification; the holotype of Trichocy-

clus ennaceus Giinther 1870 (BMHN1976.2.23.1)

is a small fish in especially poor condition, giving
the appearance of having been obtained from a

stomach of some predator, and, while it is cer-

tainly a Diodon, more specific identification could

not be made. Diodon dussumieri Bibron (see Le

Danois 1959, 1961) is a nomen nudum, but exami-

nation of the "type" (MNHN1306) by J. E. Randall

of the Bernice P. Bishop Museumindicates that Le

Danois was correct in placing D. dussumieri in

synonomy with D. holocanthus.
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Although basically shorefishes, the diodontids

(at least Dwdon and Chilomycterus) are strongly

tied to the pelagic environment through pelagic

eggs and well-developed pelagic juvenile stages.

In Diodon these juveniles remain pelagic for

weeks or months ( judging from size) and are often

found far from shore. In fact, juvenile Diodon spp.

are commonly encountered in the stomachs of such

pelagic predators as dolphins (Gibbs and Collette

1959), and one species, D. eydouxii, is apparently

pelagic throughout its life cycle.

The eggs of diodontids are poorly known.

Nichols and Breder (1926) described the unfer-

tilized eggs of Chilomycterus schoepfi from New

Jersey as demersal, nonadhesive, transparent,

and about 1.8 mmin diameter. However, Breder

and Clark (1947) suggested that the eggs of C.

schoepfi may be normally pelagic. The pelagic eggs

of D. holocanthus and D. hystrix from Hawaii were

briefly described as Diodon sp. and "diodontid II,"

respectively, by Wat,son and Leis (1974). Sanzo

( 1930) described the development of what are ap-

parently the pelagic eggs of D. hystrix (identified

as Crayracion sp.?) from the Red Sea. Wolfsheimer

(1957) reported an aquarium spawning of D.

holocanthus (identified by him as D. hystrix), but

provided little descriptive information on the

eggs. The eggs mentioned by Wolfscheimer sank,

but did not adhere, to the bottom of the aquarium.

They did not develop, .so it is likely that they were

not fertilized.

Larval and juvenile Diodon are no better known
than the eggs. Blanco and Villadolid (1951) illus-

trated a juvenile "Diodon bleekeri" but this fish is

clearly a juvenile tetraodontid. Many juvenile tet-

raodontids have prominent spines, particularly on

the ventral surfaces. Fowler (1928) illustrated a

juvenile Diodon, identified as D. hystrix, but the

figure does not show spines on the caudal peduncle
(see below), so this identification is apparently
incorrect (assuming the drawing is accurate). No
locality or other descriptive data are given by
Fowler, so a specific identification cannot be made.
Sanzo ( 1930) illustrated two larvae that resulted

from rearing of his D. hystrix eggs and a juvenile
Diodon captured in a plankton tow. The illustra-

tion of this latter fish shows no peduncle spines,
but in other respects it resembles D. hystrix. Mito
( 1966) illustrated a larval and a juvenile Diodon,
both identified as D. holocanthus. The pigmenta-
tion and the relatively small eye .shown in Mito's

illustrations more closely resemble the specimens
of D. hystrix studied here. At least four species of
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Diodon occur in Japanese waters, and Mito's

specimens could be any of these, because he gives

no information as to how the identifications were

made. Nishimura (1960) reported on juvenile
Diodon cast ashore in the Sea of Japan, but did not

provide specific identifications.

MATERIALS ANDMETHODS

Measurements and counts are as defined by
Hubbs and Lagler (1958:19-28) unless otherwise

stated. Measurements routinely were made with

needle point dividers to the nearest 0.5 mm. Fish

<10 mmand all eggs were measured under a dis-

secting microscope to the nearest division of the

ocular micrometer ( ±0.02 mmat 50 x, the power

normally used). All measurements are from pre-

served specimens.

Unspecified lengths are in millimeters standard

length. Caudal peduncle length was measured

from the posterior base of the dorsal fin to the end

of the hypural plate. Head width was measured

immediately behind the eyes. Body width was

measured at the base of the pectoral fin. Width of

the eye was taken horizontally across the clear

cornea. Measurements are given as proportions of

standard length.

Dorsal and anal fin ray counts included all rays,

branched and unbranched. The last two rays were

counted separately because they have separate

bases. Pectoral fin ray counts excluded the upper

ray. This ray, although well developed in small

( <30 mm)juveniles, is a rudiment in adults and is

often not visible because it is embedded. In large

specimens, the fin bases are especially fleshy and

accurate fin ray counts are difficult to make with-

out dissection or radiography.

Body measurements are given as range, mean
(I), and standard deviation (SD). The sample size

for the measurements is given in parentheses at

the beginning of the description of each species.

Morphometries are included only from individuals

>50 mm. Fin ray counts are included for all

specimens on which counts could be made (Table

1). In most cases, rays in both pectoral fins were

counted. Fin rays were not counted on specimens
with fin damage or on specimens that had rays

obscured due to the thick bases of the dorsal and

anal fins. Radiography was tried unsuccessfully to

obtain vertebral counts: the dermal spines and

their bases obscured the vertebrae, and made ac-

curate counts impossible. The vertebral counts
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Table l. —Fin ray counts of Djodon species.

Dorsal fin rays
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Figure 2. —Semidiagrammatic lateral view of the caudal

peduncle and posteriormost spines of (A) a slender-bodied, long

peduncled species (Diodon eydouxii) and (Bl a round-bodied,

short peduncled species (D. holocanthus) .

the laboratory under ambient temperature (ca.

25°C) and a variety of conditions. Generally, the

eggs were hatched in unaerated 4-1 beakers filled

with seawater from the collection area. Hatched
larvae were transferred to 10-20 1 containers and

provided with overhead illumination. The con-

tainers were wrapped in black plastic. Wild zoo-

plankton (ca. 60-200 ixm) from a plankton pump
were added on alternate days; this was later

supplemented with Artemia nauplii. Water was

changed twice a week and .specimens were re-

moved periodically for preservation. Many rear-

ing attempts were made, but since fewer than 20

eggs usually were available per attempt, few of the

attempts were successful.

Some larvae were cleared and stained using the

KOH-alizarin red method of Hollister (1934).

Measurements and definitions of stages generally
follow those of Leis (1977), unless otherwise noted.
All drawings of eggs and larvae were made with
the aid of a camera lucida.

The institutions housing the examined speci-

mens are as follows: Academy of Natural Sci-

ences of Philadelphia (ANSP); Australian

Museum, Sydney (AMS); Bernice P. Bishop
Museum, Honolulu (BPBM); British Museum
(Natural History) (BMNH); California Academy
of Sciences (CAS); Gulf Coast Research Labora-

tory and Museum (GCRL); George Vanderbilt

Foundation (GVF), deposited in CAS; Hawaii In-

stitute of Marine Biology (HIMB); Los Angeles

County Mu.seum of Natural History (LACM);
Museum National d'Histoire Naturelle, Paris

(MNHN); National Marine Fisheries Service,

Honolulu, Hawaii (NMFS H), La Jolla, Calif.

(NMFS LJ), and Miami, Fla. (NMFS M);
Naturhistorisches Museum, Vienna (NMV); J. L.

B. Smith Institute of Ichthyology at Rhodes Uni-

versity, South Africa (RUSI); Scripps Institution

of Oceanography (SIO); Tulane University (TU);

National Museum of Natural History, Smithso-

nian Institution (USNM); University of Arizona

(UA). A catalog number is given when available;

many GVF specimens were uncataloged and
therefore the register or station number is given.

The synonymies include all known original

usage of names. In addition, references of sys-

tematic or zoogeographic interest are included. If

the identification of a nominal species is question-

able, it is preceded by a question mark (?). Pre-

Linnaean literature is cited in the text if appro-

priate, but is omitted from the synonymies.

GENUSDIODONLINNAEUS

Diodon Linnaeus 1758:334, after Artedi

1738. Type-species D. hystrix Linnaeus by

subsequent designation of International Com-
mission on Zoological Nomenclature, opinion
77.

Paradiodon Bleeker 1865:49. Type-species D.

hystrix Linnaeus by original designation.
Trichodiodon Bleeker 1865:49. Type-species D.

pilosus Mitchill by original designation.

Trichocyclus Giinther 1870:316. Type-species T.

erinaceus Giinther by monotypy.

Diagnosis. —Body rotund, width 0.25-0.54, depth
varies greatly depending on degree of inflation.

Eyes large, 0.05-0.17. Swim bladder bilobed.

Teeth in each jaw fused into a single beaklike

unit without a median suture dividing upper or

lower jaws into right and left halves. Gill opening
a short, vertical slit immediatelv anterior to the
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pectoral fin base. Approximately 20 vertebrae.

Dorsal and anal fins usually rounded, set far back

on body, with 12-18 rays. Caudal rounded, with 9

rays (there are no secondary rays). Pectoral fin

slightly emarginate, with 19-25 rays, the upper-

most ray (not counted) greatly reduced in adults.

No pelvic fins. Body covered with long spines, all

but a few (around the gill opening, dorsal fin base,

and caudal peduncle! of which are erectile. Erec-

tile spines consisting of a long pointed shaft, tw'o

subdermal lateral bases lying in nearly the same

plane as the shaft, and usually a shaft extension

which is shorter than the shaft. The shaft exten-

sion may be greatly reduced. Nasal organs consist-

ing of a short tentacle with a pair of lateral open-

ings near the tip. In larger individuals of some

species the tissue closing the end of the tentacle

may be absent, giving rise to a bifid nasal tentacle

without nostrils. Both species whose reproductive
habits are known (D. hystnx and D. holocanthus)

spawn pelagic spherical eggs of 1.6-2.1 mmin

diameter.

Ren2arks. —Only Bleeker's (1865) proposal of

Paradiodon for the species here considered to be-

long in Diodon (because of page priority, he be-

lieved Diodon should apply to those species usu-

ally referred to Chilomycterus) has disturbed the

stability of the usage of the name Diodon.

Trichodiodon and Trichocyclus are names applied

to juvenile stages oi Diodon.

Although subgeneric status seems unwar-

ranted, Diodon can be broken into two groups on

the basis of body width, caudal peduncle length,

and squamation. The species of the slender-bodied

group, D. eydouxii and D. hystrix, have a rather

narrow body (Figure 3, Table 2), long caudal

peduncle (Figure 3, Table 2), and several small

spines in the dorsal and dorsolateral surfaces of

the peduncle. The species of the round-bodied

group, D. holocanthus, D. liturosus, and D. nicth-

emerus, have a wider body, shorter caudal pedun-
cle (Figure 3), and lack spines on the caudal

peduncle (although there are strong spines, pro-

jecting over the peduncle, at the base of the dorsal

and anal fins). Upon inflation, the dorsal and anal

fins are engulfed by the expanding skin. In the

round-bodied group, the caudal peduncle and fin

are also largely obscured in inflated specimens
and the large spines mentioned above provide
added protection. In the slender-bodied group, the

peduncle remains largely uncovered and is pro-

tected only by the relatively small spines on its

upper surfaces. Diodon nivthemerus, although

clearly a member of the round-bodied group, ap-

pears to have undergone a reduction in spine
number and base size, and is thus separable from

D. holocanthus and D. liturosus.

70-1

E 60-
E

-LITUROSUS
-EYDOUXII
-HYSTRIX
-NICTHEMERUS
-HOLOCANTHUS

X

100 150 200

Figure 3. —Plotted regression lines of (top) caudal peduncle

length vs. standard length and (bottom) body width vs. stan-

dard length for the five species of Diodon. Lines plotted only-

over size range of specimens examined. The line with arrow-

head for D. hystrix extends to 571 mmSL. Regression data in

Table 2.

Table 2. —Regression equations for caudal peduncle length

(PL) and body width (BW) vs. standard length (SL) in the five

species of Diodon (see also Figure 3).

Species
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KEY TO THE SPECIES OF
THE GENUSDIODON

la Two or more small spines wholly on the dorsal or dorsolateral surfaces of the caudal

peduncle (Figure 2A); color pattern of adults dominated by small (smaller than eye)

spots; at least D, P, and C fins of adults with dark spots 2

lb No spines w^holly on the caudal peduncle (Figure 2B); color pattern of adults dominated

by large dorsal and lateral bars or blotches; fins of adults without spots except in some

cases at base 3

2a P 19-22. both D and A 16-18; D and A of adults falcate; S-A spines^U; head width less

than 30'y SL D. eydouxii

(circumtropical, oceanic)

2b P 22-25 (rarely 21), D 14-17, A 14-16; D and A of adults rounded; S-A spines&14; head

width greater than 307^ SL D. hystrix

(circumtropical, shore fish but juveniles pelagic)

3a No small, fixed, tribase spine immediately above the gill opening; no small, flat spines on

the anterior border of the depression surrounding the gill opening (Figure 4); S-A spines

^11; adult color pattern dominated by four large lateral bars, dorsum uniformly
dark D. nicthemerus

(Australia)

Figure 4. —Head of Dwdon nicthemerus (AMS 1.16990-004) showing arrangement of spines in

the region of the gill opening. Note that spines anterior to gill opening are not flattened. Also note

tubular nostril.

3b One or two small, fixed, tribase spines above the gill opening; three or four small, flat

spines forming the anterior border of the depression surrounding the gill opening ( Figure
5); S-A spines S3l2; adult color pattern dominated by several dorsal blotches
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Figure 5.—Head of Dwdon liturosus (CAS
30967) showing arrangement of spines in the re-

gion of the gill opening. Note that spines on an-

terior border of opening are short and flattened.

Also note the small dow-nward-pointing spine

below the anterior border of the eve.

Longest Frontal Spine/ SL

—
I © 1 D. liturosus

1 ® 1 D. hystrix

1 1 D. eydouxii

At! D. holocanthus ^ ^—i

la-Pac. D. holocanthus
1 1©—

D nicthemerus ^ H

FlGURE 6. —Ratio of frontal spine length to standard length for

the five species of Diodon. Line indicates range, circle and bar

indicate mean, and vertical bars alone denote ±1 SD. Note dif-

ference of spine length between Atlantic and Indo-Pacific

specimens of Z). holocanthus . Number of specimens given in de-

scription for each species.

I 1 1 r
.04 .08 .12

-! 1

—
.16 .20

—
I

—
.24

4a Frontal spines 0.04-0.10 (Figure 6i, much shorter than pectoral axil spines; 17-22 S-A

spines; a small downward-pointing spine below the anterior margin of the eye present;

dorsal blotches with a distinct light border; a dark gular band from eye to eye under the

lower jaw D. liturosus

(Indo-Pacific)

4b Frontal spines 0.13-0.28 (Figure 6), slightly shorter to much longer than pectoral axil

spines; 12-15 S-A spines; a small downward-pointing spine below the anterior margin of

the eye absent (Indo-Pacific specimens) or present (most Atlantic specimens); dorsal

blotches without a distinct light border; no gular band D. holocanthus

(circumtropical)
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DIODONEYDOUXII BRISSOUTDE
BARNEVILLE

Pelagic Porcupinefish (Figure 7)

Diodon cyduuxii Brissout de Barneville 1846:142

(eastern Pacific); Troschel 1847:364; Dumeril

1855:278.

Diodon melanopsis Kaup 1855:228 (no locality

given).

Diodon spinosissimu.s (not of Cuvier): Giinther

1870:307 (Cape of Good Hope, Siam).

Diagnosis. —A slender-bodied Diodon , head width

0.25-0.30, peduncle length 0.16-0.22. Caudal

peduncle armed dorsally with short spines. Body

spines long and slender, moderate in number, S-D

spines 13-17, S-A spines 10-14. Pectoral axil

spines 0. 11-0.16, usually longer than longest fron-

tal spines. A short, fixed tribase spine im-

mediately above gill opening. D 16-18, A 16-18, P
19-22. Nasal tentacle with a pair of lateral open-

ings. No barbels or fleshy tentacles. Dorsal and

anal fins falcate (rounded in juveniles). Color pat-

tern dominated by small (ca. = to pupil) dark

spots dorsally and laterally. These often as-

sociated with the spine axils. A dark gular band

starting from below the eyes and continuing under
the chin, usually with a branch extending dorsally
between eye and gill opening.

Descn'p^/o/;.— (35 specimens) D 16-18, A 16-18, the

first two or three rays unbranched; P 19-22. Head
width 0.25-0.30 (.v = 0.27; SD - 0.01), body width

0.25-0.35 (.V
= 0.30; SD = 0.02), peduncle length

0.16-0.22 (.V
= 0.19; SD = 0.02), eye 0.05-0.10

(X = 0.08; SD = 0.01). Dorsal and anal fins falcate,

not rounded. Nasal tentacles with a pair of lateral

openings.
S-D spines 13-17, S-A spines 10-14, about 12

spine rows over the dorsum between pectoral fin

bases, about 21 spine rows over the ventrum be-

tween pectoral fin bases. Four or five frontal

spines. Longest frontal spine 0.07-0.15 ix = 0.11;

SD =0.05), pectoral axil spines 0.11-0.16

ix = 0.14; SD = 0.01). Pectoral axil spines usually
the longest on the body, 0.61-1.03 ix = 0.78;

SD = 0. 1 1 ) in frontal spines. Spines long and slen-

der. Frontal, middorsal, and ventral spines of

about the same length. Pectoral axil spines and

those dorsolateral spines from over eye to over

pectoral fin among the longest on body (ca. 0.8 in

frontal spines). Spines on caudal peduncle short

(ca. 1.5 in frontal spines) and fixed due to a rather

long shaft extension (ca. 2 in shaft). Shaft exten-

sion on other spines reduced, never more than 159f

of the shaft length. Subdermal bases moderate in

extent, and, except for spines around fin bases and

caudal peduncle, always shorter than shaft. No

spines markedly reduced other than on caudal

peduncle; the latter spines generally arranged in

one or two bilateral pairs along the dorsolateral

edge of the peduncle. Approximately 40^^ (14 of

36) of the specimens examined also possess a

single dorsomedial spine on the caudal peduncle.
A short, fixed tribase spine immediately above the

gill opening and a second slightly posterior to it

above the pectoral base. Three short, flat spines

Figure l.— Diodon eydouxii, 128 mmSL, central Pacific (NMFSH CHG55-71)
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with broad lateral bases form the anterior border

of the gill opening. No spines on the snout.

No barbels or fleshy tentacles.

Dorsally the ground color is light grey to brown

grading to white ventrally. Dorsal and lateral sur-

faces marked with dark ovoid spots ( <eye diame-

ter in length) most of which are associated with

the spine axils, particularly on the sides posterior

to the pectoral fin. Caudal peduncle usually mot-

tled dorsally. Round spots (often diffuse) present

on dorsal, pectoral, and caudal fins (caudal spots

first seen on 100-mm fish, other fin spots begin to

form between 30 and 100 mm). The pectoral spot-

ting is limited to two vertical rows of four to six

spots each. The anal fin is often dusky but never

spotted. A dark gular band extends from the eye

downward and forward, generally paralleling the

ventral outline of the head. Usually a branch of

this band extends dorsally between the eye and

gill opening and is often discontinuous with the

gular band. Specimens <100 mmusually have

four opposed spots on the iris.

In life the dorsal ground color is medium to dark

blue while the dorsal and lateral spots and gular

band are dark blue to black. The ventral surfaces

are silvery- white and the fins greyish (from a color

transparency provided by R. Rosenblatt, SIO).

The largest specimen examined is 252 mm, but

the next largest is only 177 mm, apparently a

fairly small species. Twelve specimens ( 125-153

mm)were sexed although none were ripe: 7 males

and 5 females.

Eggs, larvae, and pelagic juvenile stages.
—No in-

formation is available on eggs or larvae. The
smallest specimen available is 4.5 mmand is in

very poor condition. The fish is almost completely
round (inflated?); the spines are short (ca. 0.25

mm) and of uniform length over most of the body.

By 13 mmthe frontal and pectoral axil spines are

ca. 2.5 mm—noticeably longer than the rest of the

spines. In the smallest specimen the spines are all

erect and the bases resemble small tripods; they

may well be fixed at this stage. However, by 8.5

mmthe spines are erectile and the fish is definitely

capable of inflation. In the 4.5-mm specimen the

fin rays are fully formed, as are the nostrils.

The fins remain unpigmented until at least 30

mmexcept for a small dusky area at the pectoral

fin base which forms by 13 mm. In both dorsal and

caudal fins, spots gradually spread over the fin

from the base. The first row of pectoral fin spots

form by 100 mmand the second at about 150 mm.

The smallest fish are uniformly dark to medium
brown dorsally with a light area at the base of each

spine due to the unpigmented spine sheath. Later-

ally, distinct black spots (0.25-0.50 mmin diame-

ter) are found. These continue across the white

ventral surface. By 8.5 mmthe white area at the

spine bases has disappeared and spots similar to

those on the ventral surface have developed on the

dorsal surfaces. The spots are now ca. 1 mmin

diameter. The ventral spotting is less conspicuous
due to the loss of individual spots by 13 mm,and by
20 mmthe belly is white and devoid of spots. The

dorsal and lateral spots persist and become as-

sociated with the spine bases by 100 mm.

Syntypes. —MNHN2153, two specimens (101 and

108 mm) taken (apparently speared) in the Pacific

between Guayaquil and Hawaii.

Distribution .
—Diodon eydouxii is a pelagic,

oceanic species which is found circumtropically

(Figure 8) and seems particularly abundant in the

eastern Pacific, but this may be an artifact of col-

lecting effort.

Remarks. —In Brissout de Barneville's ( 1946:142)

description, the total mention o^ Diodon eydouxii

is as follows: "Mentionnons encore le Diodon

Eydouxii, Souleyet (Bibron, Coll. Mus. Paris, et

Monographie inedite des Diodoniens) remarqu-
able par ses nageoires dorsale et anale subfal-

ciformes." As noted by Brissout de Barneville,

Bibron in his unpublished manuscript (MNHN
Library MS#867) cited Souleyet as the author of

this species. However, Souleyet, insofar as I can

determine, never published anything regarding
this species. In fact, Bibron's (MS, p. 96) citation

refers to the "Voyage de la Bonite. Zool. p . . . . ,"

i.e., he gave no page number, as if in anticipation

of publication by Souleyet. There is no mention of

D. eydouxii in "Voyage de la Bonite" (Eydoux and

Souleyet 1841). Because Brissout de Barneville

was the first person to use this name in a published

work and because he included descriptive
information —albeit limited, Diodon eydouxii
should be attributed to him.

Kaup's (1855) description of Z). melanopsis is

inadequate, but one of his syntypes (BMNH
1852.3.2.7) is extant. Information provided by
A. C. Wheeler (pers. commun., BMNH,29 October

1975) is sufficient to place D. melanopsis in the

synonomy of D. eydouxii. Giinther ( 1870) incor-

rectly placed D. melanopsis in synonomy with D.
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Figure 8. —Distribution of Diodon eydouxii (triangles) and Diodon hystnx (circles). Solid symbols denote specimens examined by me;

hollow symbols denote acceptable literature records, photographs, or specimens examined for meby colleagues. Someoverlapping re-

cords omitted.

spinosissimus Cuvier (see discussion under D.

hystrix). Le Danois (1959), without comment, in-

correctly placed D. eydouxii in synonomy with D.

holocanthus.

The above citations, and those of Troschel ( 1847 )

and Dumeril (1855) which were essentially re-

views of Brissout de Barneville's 1846 paper, con-

stitute the entire literature on D. eydouxii.

Diodon eydouxii has undoubtedly been confused

in the past with the similar D. hystrix. Adapta-
tions to pelagic life by D. eydouxii include a

lighter, smaller, and more fusiform body com-

pared with D. hystrix. The blue color and falcate

dorsal and anal fins are also probable adaptations
to the pelagic environment. Aside from these

characters, D. eydouxii differs from D. hystrix

primarily in its higher dorsal^ and anal fin ray
counts and lower pectoral fin ray counts. Diodon

hystrix juveniles are pelagic up to a rather large

size, and it is tempting to speculate that D.

eydouxii evolved from this pelagic phase.
All captures of D. eydouxii have been at sea

(except for one found dead in a South African har-

bor). Most captures were made under night-lights,
and field notes occasionally mention large schools

of Diodon under the light. Occasional (mostly
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small) specimens have been taken in plankton,

neuston, or midwater trawl hauls.

As a pelagic member of an otherwise slow-

swimming, inshore family apparently specialized

to feed on heavy-shelled reef animals (e.g., Ran-

dall 1967; Hobson 1974), D. eydouxii is unusual.

However, a well-developed but relatively un-

specialized pelagic stage is present at least in D.

hystrix and D. holocanthus. The tetraodontiform

fishes, none of which are noted for a combination of

rapid and sustained swimming ability and many
of which are specialized for feeding on heavy-
shelled benthic invertebrates, have a number of

pelagic representatives, e.g., Lagocephalus
lagocephalus (Tetraodontidae) and Canthidermis

maculatus (Balistidae). In addition, many other

species of Tetraodontiformes have pelagic juvenile

stages of moderate to long duration. At least 16 of

the 22 tetraodontiform genera known to occur in

Hawaii, e.g., have an extended pelagic life history

stage (no information is available for the other six

genera —
pers. observ.). The extremely specialized

Molidae, a totally pelagic tetraodontiform family,

have retained a beaklike jaw structure similar to

that of diodontids and tetraodontids. The utility of

such jaws in the pelagic environment where the
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external shells and exoskeletons of invertebrates

are, in general, greatly reduced is difficult to un-

derstand.

The stomach contents of three D. eydouxii were

examined. The two Pacific specimens (BPBM
10551 and NMFSH CHG55-71) examined had fed

on a wide variety of large zooplankton: amphipods,
crab zoeae, sergestid shrimps, and fish larvae

(Ramauia laevis. Acofithocyhium so/andii , and a

myctophid were identifiable). The Atlantic speci-

men (ANSP 138122) had eaten approximately 23

small (25-30 mm) fish of the genus Polydactylus\

these were in a moderately advanced state of di-

gestion.

Material examined. —52 specimens, 4.5-252 mm.
EASTERNPACIFIC: MNHN2153 (2:101-108), between

Guayaquil and Hawaii; SIO 69-394 (1:13) 15°N, 110°W; SIO

69-483 ( 1:40) 19°36'N, 105°16"W: SIO 64-176 (1:138) 13°30.9'N,

92°02.2'W; SIO H52-346( 1:121) 13°11'N, 102°07'W; SIO 64-174

(1:1511 10°01'N, 115°55'W; SIO 64-213 (1:132) 08°24'N,

87°37'W; SIO 73-348 ( 1:148) 10°25'N, 108°50'W; SIO H52-422

(3:118-131) irOO'N, 105°29'W. CENTRALPACIFIC: NMFS
H CHG55-71(7:125-147) iril'S, 179°13'E; SIO 68-480 (5:100-

115) 22°02.8'N, 171°34.0'E; BPBM 10551 (1:143) 12°20'S,

169°44'W; NMFSH TC32-32,34,36, & 47 (4:14.5-26.0) 2r59'N,

158°29'W; NMFSH TC32-66,70,71,73 (6:4.5-17.0) 19°31'N,

156°06'W; SIO 60-264 (3:33-165) 7°53'N, 157°29'W; SIO uncat.

Climax II (4:144-177) between 25°S-30°N along 155°W.

\VESTERN PACIFIC: AMS I.B. 2746-7 (2:156-168) 5°21'S,

13ri7'E; SIO 61-551( 1:153) 20°35.6'N, 126°33.2'E; SIO 73-106

(2:10) 33°17'N. 138°08'E. INDIAN OCEAN: RUSI 3712

(1:252) Pt. Elizabeth, South Africa; LACM 30138-1 (1:145)

27°41'S, 33°22'E. ATLANTIC OCEAN: SIO 63-565 (1:29)

03°21'N, 30°5rW; NMFSM ORII 39-01 (l:ca. 27) 13°00'N,

60°00'W; ANSP138122 ( 1:166) 19°28.8'N, 95°27'W; TU 16864

(1:147) 19°35'N, 95°28'W; TU 12766 (1:152) 20°45'N,
93°15'W. NODATA: SIO uncat. (1:176).

DIODONHYSTRIX LINNAEUS

Porcupinefish (Figure 9)

Diodon hystrix Linnaeus 1758:335 ("Habitat in

India") after Artedi 1738; Bloch 1785:68-73, pi.

126 (American seas); Giinther 1870:306,
1910:474 (worldwide); Klunzinger 1871:647-

648 (Red Sea); Day 1878:708, pi. 179 (Andaman

Is.); Herre 1924:504-505 (Philippine Is.); Meek
and Hildebrand 1928:827-829 (Panama; largest

specimen only); Le Danois 1959:229-230

(worldwide): de Beaufort 1962:412-413 (East

Indies).

Diodon atinga (not of Linnaeus): Bloch

1785:67-69, pi. 125 (American seas); Lacepede

1798:1, 3, pi. 25 (no locality given); Kaup
1855:227 (East and West Indies).

?Diodon plumierii? Lacepede 1798:10, pi. 30 (trop-

ical eastern America).

Diodon brachiatus Bloch and Schneider 1801:513

(no locality given).

Diodon punctatus Cuvier 1818:132-133 (no local-

ity given).

Diodon spinosissimus Cuvier 1818:134-135

(Brazil).

Paradiodon hystrix Bleeker 1865:56-57, pi. 207

(East Indies).

Diodon hystrix var. hystrix Eigenmann
1885:298-306 (American seas).

FIGURE 9.—Diodon hystrix, 273 mmSL, Oahu, Hawaiian Islands (BPBM 11656). Photo by J. E. Randall.
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Diodon niidifrons Jenkin?, 1904:488-489 (Hawaii I.

Diodun armiUatus Whitley 1933:107-108, pi. 12,

15 (Australia).

Diodon totara Curtiss 1938:132-133 (Tahiti).

Diagnosis. —A slender-bodied D/oc/on, head width

0.29-0.42, peduncle length 0.14-0.21. Caudal

peduncle armed dorsally with short spines. Body

spines short to long, slender, and numerous. S-D

spines 15-19, S-A spines 14-19. Pectoral axil

spines 0.13-0.19, longest on body. A short, fixed

tribase spine immediately above gill opening. D
14-17. A 14-16, P 21-25. Nasal tentacle with a pair

of lateral openings. No barbels or fleshy tentacles

on body. No short, downward-pointing spine below

the anterior border of the eye. Dorsal and anal fins

rounded. Color pattern dominated by small

(<pupil) dark spots dorsally and laterally, these

extend onto all fins in adults. A dark gular band

starting below the eyes and continuing under the

lower jaw, often with a branch extending dorsally

between eye and gill opening.

Description .
—(34 specimens) D 14-17, A 14-16, the

first two rays in each unbranched; P 21-25. Head
width 0.29-0.42 (.r = 0.33; SD = 0.03), body width

0.30-0.51 ix = 0.37; SD = 0.04), peduncle length
0.14-0.21 ix = 0.17; SD = 0.02), eye 0.05-0.14

( X = 0.08; SD = 0.02). Dorsal and anal fins

rounded. Nasal tentacles with a pair of lateral

openings.

S-D spines 15-19, S-A spines 14-19, about 15

spine rows over the dorsum between pectoral fin

bases, about 25 spine rows over the ventrum be-

tween pectoral fin bases. Five frontal spines.

Longest frontal spine 0.06-0.12 (.v = 0.09;

SD - 0.02), pectoral axil spines 0.13-0.19
(.r = 0.15; SD = 0.02). Pectoral axil spines the

longest on the body, 0.45-0.78 ix = 0.58;
SD = 0.09) in frontal spines. Spines short to long,
and slender. Dorsal spines, other than those dor-

solateral spines from over the eye to over pectoral

fin, are approximately equal and of about the same
length as the ventral spines. The dorsolateral

spines immediately above the pectoral fin may be

nearly as long as pectoral axil spines. Spines on

peduncle short (ca. 2 in frontal spine) and shaft

extension not very large (ca. 2.5 in shaft). Shaft

extension on other spines reduced, never more
than 167f of shaft length. Subdermal bases mod-
erate to very long. In ventral and lateral spines the
bases may be 1.5 x or more the length of the shaft.

In an ovoid area extending from the interorbital to
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the occipit the spines may be greatly reduced or

even embedded, particularly in large individuals.

Caudal peduncle with one to three dorsolateral

pairs of relatively small spines and one or more

unpaired spines located either medially or dor-

solaterally. Usually one or two ventrolateral

spines on peduncle. A short, fixed tribase spine

immediately above the gill opening and a second

slightly posterior to it (above the pectoral base),

both may be embedded. Three short, flat spines
with broad lateral bases form the anterior border

of the gill opening. No snout spine.

No barbels or fleshy tentacles.

Dorsally in preserved specimens, the ground
color is light grey to dark tan grading to white

ventrally. Dorsal and lateral surfaces marked
with dark brown to black round spots (<pupil).

The spots not generally associated with spine
axils. Fins unspotted in small specimens ( <50

mm), but all fins become covered with spots in

adults. The anal fin is not marked except by a

dusky area at its base, and in very large individu-

als by spots.

A dark gular band extends from the eye down
and forward generally paralleling the ventral out-

line of the lower jaw. Often a branch of this band

extends dorsally between the eye and gill opening.
These bands may be absent in pelagic specimens.

In life the coloration is essentially as described

above, but there may be dorsal blotches ( similar to

those of D. holocanthus). These blotches can

rapidly appear and disappear. The blotches are

particularly evident during feeding but disappear

immediately if the fish is disturbed, e.g., by the

approach of a diver. I have never seen these

blotches retained in a preserved specimen (for

examples of these blotches see Clark and Gohar

1953 and Bagnis et al. 1972:225).

The largest specimen examined was 571 mm,
but much larger examples have been reported

(e.g., 900 mm, de Beaufort 1962).

Eggs, larvae, and pelagic Juvenile stages.
—The

identification of the eggs and larvae described

here as D. hystrix is tentative because the larvae

have not been reared through metamorphosis.
Identification is based on the close similarity of

these eggs and larvae to those of D. holocanthus

and the fact that D. hystrix and D. holocanth us are

the only diodontids that commonly occur inshore

in Hawaiian waters. Diodon eydouxii has not been

taken closer than 30 mi from shore around

Hawaii, and Chiloniycterus affinis is very rare



LEIS: SYSTEMATICSANDZOOGEOGRAPHYOF THE PORCUPINEFISHES

(pers. observ.; J. E. Randall, pers. commun.). The
material available for descriptive purposes is lim-

ited, 20 eggs (Figure 10) and 7 larvae.

The eggs of D. hystrix are similar to those of D.

holocanthus (see section on the latter species for

characters useful in distinguishing the two types

of eggs). Diodon hystrix eggs are pelagic, spheri-

cal, and 1.9-2.1 mmin diameter (.v = 2.01;

SD = 0.06; n = 20) with 30-50 yellowish oil drop-

lets of 0.03-0.15 mmin diameter. The incubation

period is about 5 days at 25°C, but hatching occurs

at the end of the late stage (i.e., there is no 'final'

stage as defined by Leis 1977; see section on de-

velopment of D. holocanthus for comparison and

definition of stages); otherwise, these eggs are

similar to D. holocanthus eggs.

Development is generally similar to D. holocan-

thus and, aside from hatching at the end of the late

stage (i.e., before full eye pigmentation), the only

substantive difference is the pigment. Early in the

late stage, orange and, to a lesser extent, red

chromatophores develop on the dermal sac. The oil

droplets tend to be more scattered in D. hystrix

eggs than they are in D. holocanthus. Watson and

Leis (1974) illustrated a late stage D. hystrix egg

(figure A21, p. 115) identified as diodontid II.

1.00

The newly hatched larvae of D. hystrix, ca. 2.6

mmSL ( Figure 11), have only slight eye pigment,
an open but apparently nonfunctional mouth, and

a large amount of yolk. The eyes become fully

pigmented by the second day when the mouth ap-

parently becomes functional. The oldest Z). hystrix

larvae available is a 5-day-old individual of 2.60

mmSL. Aside from some shrinkage during the

first 2 days after hatching, development is similar

to D. holocanthus. Table 3 summarizes mor-

phometric data for the larvae.

Melanophores are sparse at hatching, but soon

become abundant dorsally and, except for a more

caudad extension of melanophores on the caudal

peduncle, pigment is essentially the same as that

of D. holocanthus. The larvae are orange, rather

than the yellow background of D. holocanthus.

The eggs and larvae described by Sanzo (1930)

and tentatively attributed by him to Crayracion

sp. (Tetraodontidae) closely resemble those here

identified as D. hystrix. These specimens were

clearly not tetraodontids; marine tetraodontids

apparently spawn demersal eggs (Breder and

Rosen 1966) and their larvae do not resemble

those illustrated by Sanzo (pers. observ.). The eggs

studied by Sanzo were larger (2.4 mm) and

hatched in a shorter period (3 days at 25°C) than

D. hystrix eggs, but in all other respects they were

similar. It is not known how many species of

Figure lO.— Egg tentatively identified as Diodon hystrix just

prior to hatching. After Watson and Leis (1974), scale in mil-

limeters.

Figure ll.— Reared larvae tentatively identified as Diodon

hystrix: (top) newly hatched larva, 2.57 mmSL, and (bottom)

5-dav-old larva, 2.60 mmSL. Hawaiian material.
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Table 3. —Morphometric and meristic data for larval and juvenile Diodon hystrix (mea-

surements in mm). ? indicates individuals of unknown age caught in plankton samples;
X indicates damaged.

Age (days)
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scription that D. atinga is a Chiloniycterus Isensu

lato).

Diodon plumicni Lacepede is included in the

synonomy of D. hystrlx with some doubt. The de-

scription is not very helpful, but the illustration by
Plumier (Lacepede 1790, plate 30), while not im-

mediately recognizable as D. hystrix, is probably

of that species. The relatively elongate body, short

spines, and the three spines on the dorsal surface

of the peduncle all indicate Z). hystri.x . The descrip-

tion stated that the fish was blue with white spots;

this coloration is not found in any known species of

Diodon. Lacepede's description was based solely

on Plumier's illustration.

Diodonnbrachiatus Bloch and Schneider is

based at least in part on the "Erizo" of Parra ( 1787 )

whose illustration is clearly of D. hystrix.

Cuvier's D. punctatus is attributable to D. hys-

trix on the basis of his description, and examina-

tion of the syntypes (MNHNA.8369, A.8373, and

A. 8367) by M.L. Bauchot (pers. commun. MNHN,
20 May 1975).

Diodon spinosissimus Cuvier has been a source

of confusion. This stems at least in part from the

presence of two species in Cuvier's syntypic series

(M. L. Bauchot, pers. commun., MNHN, 20 May
1975). The larger specimen (MNHNB.1294) is a

D. hystnx from Brazil,. while the smaller syntype

(MNHNB.1294) is a D. liturosus from Vanikoro,

Santa Cruz Islands, in the western Pacific. Le

Danois ( 1961) referred to the above specimen of D.

hystrix as the holotype, while there is no evidence

that Cuvier recognized it as such. I follow Le

Danois' lead and designate MNHNB.1294 as the

lectotype of D. spinossisimus.

Since the publication of Gvinther (1870), rela-

tive unanimity has prevailed, with most authors

applying only the name D. hystrix to this species.

The three exceptions, barring misidentification of

D. holocanthus, are D. nudifrons Jenkins, D. ar-

millatus Whitley, and D. totara Curtiss. These are

easily referred to D. hystrix solely on the basis of

the published descriptions (S. Karnella, pers.

commun., USNM, 28 January 1976, reports that

Jenkins' holotype cannot be located at USNM
even though it was cataloged as USNM50854).

The apparent long pelagic stage of D. hystrix has

undoubtedly contributed to its wide distribution

and to the relative uniformity among populations

(Table 1).

Little is known of the ecology of D. hystrix. Ran-

dall ( 1967) and Hobson ( 1974) gave information on

feeding and diel activity patterns. Diodon hystrix

is a nocturnal predator on hard-shelled inverte-

brates such as gastropods, hermit crabs, and sea

urchins. Eger ( 1963) reported toxic dermal secre-

tions in D. hystrix. This species is eaten by people

in Hawaii ( pers. observ. ) and Tahiti ( Curtiss 1938;

Bagnis et al. 1972) without apparent ill effect,

although it is frequently classified as poisonous

(e.g., Halstead 1967).

Material examined. —43 specimens, 5.5-571 mm.
EASTERNPACIFIC: SIO 64-214 (1:128) 7°47'N, 85°45'W;

SIO H52-415 (1:180) 2°50..5'N, 10r28'W; UA 73-83-21 (1:236)

Cabo San Lucas, Baja California Sur, Mexico; UA 68-59-11

1:199) Punta Mai Paso. Manta. Ecuador; CAS1244 ( 1:209) Clar-

ion I., Revillagigedos; CASH46-241(2:191-202) Acapulco, Guer-

rero, Mexico: CAS uncat. (1:215) La Paz, Baja California Sur,

Mexico; NMFSLJ N-49, 67-2 (1:5.5) 18°N, 107°W. CENTRAL
and WESTERNPACIFIC: HAWAIIAN IS.— HIMB (1:311)

Kaneohe Bay, Oahu; NMFSH-243 (1:135) off Kailua, Hawaii;

NMFSH-241 (1:142) 10 mi. W. Keahole Pt., Hawaii; BPBM
11656 (1:272.5) Moku Mana, Oahu. LINE IS.— BPBM9798

( 1:338) Washington I. MARQUESASIS.— BPBM12139 1 1:290)

Nuku Hiva. PITCAIRN I.— BPBM16821 ( 1:278), 16717 ( 1:282).

SOCIETY IS.— GVF stn 22 (1:211) Maiao I. COOKIS—GVF
M-37 (1:327) Mangaia I. MARCUSI.— BPBM8403 (1:403).

MARIANA IS.— BPBM5122 (1:200) Guam. SOLOMONIS.—

CAS6003 ( 1 : 107) Bellona I. CAROLINEIS.— GVFstn 29 ( 1 :258)

Ifaluk Atoll; GVF stn 12 (1:220) Palau Is,; GVF 176 (1:571)

Kapingamarangi Atoll. PHILIPPINE IS.: CAS 26419 ( 1:199)

Jolo I.; CAS26418 (1:286) Culion I. SOUTHCHINA SEA: SIO

70-342 (1:49.5) 18°14.4'N, 119°45.2'E; GVF 1748 (1:196)

20°46'N, 116°53'W. JAPANESEWATERS:SIO 73-106 (l:ca.

10) 33°17'N, 138°08'E. AUSTRALIA: AMS IA.6105 (1:263)

Hayman I., Queensland. INDIAN OCEAN: REDSEA—CAS
HV-1661 (1:235) Eyiath, Gulf of Aqaba. WESTERNATLAN-
TIC: CASBMN-7526 ( 1:465) Vitoria, Brazil; CAS23805 (1:307)

Harbour I., Bahamas; GCRLV66: 1703 ( 1:328) St. Thomas, Vir-

gin Is.; CAS19210 ( 1:335) Key West, Fla., USA; NMFSMBow-

ers 1-10 ( 1:29.2) 26°00'N, 70°30'W; NMFSMOregon II 72-39-58

(1:30.0) 2r01'N, 80°14'W; NMFSM Oregon II 72-43-146

(2:16.0-18.9) Caribbean; NMFSMOregon II 72-39-36 (1:26.2)

17°08'N, 69°58'W; NMFSM Oregon II 72-39-136 (1:25.0)

23°45'N, 84°20'W; NMFSM Oregon II 76-66-19791 (1:40.0)

17°50'N, 74°47'W.

In addition, a number of specimens (CAS, NMFSM, material)

were identified, but not examined in detail. These fish form the

basis for some of the points plotted in Figure 8.

DIODONNICTHEMERUSCUVIER

Globefish (Figures 4, 13)

Diodon nicthemerus Cuvier 1818:135 pi. 2 (Aus-

tralia).

Diodon nycthemerus: Kaup 1855:228 (no locality

given).

Diodon nichtemerus: Dumeril 1855:278 (no lo-

cality given).
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Fraser-Brunner

Scott 1957:154

Atopomychteriis nychthemerus: Giinther

1870:315 (South Australia, Tasmania).

Diodon spinossisimus (not of Cuvier): Castelnau

1872:290 (Australia).

IDiodon blochii? Castelnau 1872:210 (Australia).

Atopomychteriis nichthemerus: Waite 1923:229

(South Australia, Tasmania).

Dicotylichthys nychthemerus :

1943:17 (Australia).

Atopomycterus uicthemerus:

(Tasmania).

Diodon nycthemerus: Le Danois 1959:227 (Aus-

tralia).

Atopomycterus nicthemerus: Scott 1962:299

(West Australia, South Australia, Tasmania).

Diagnosis. —Round-bodied Diodon, head width

0.34-0.43, peduncle length 0.12-0.16. Caudal

peduncle without spines. Body spines long and

narrow, but relatively few in number, S-D spines

9-12, S- A spines 10-11. Pectoral axil spines shorter

than longest frontal spines. No short, fixed tribase

spine immediately above gill opening. Fin ray
counts low, D 12-13, A 12-14, P 19-21. Nasal tenta-

cle with a pair of lateral openings which are sepa-

rated by a thin membrane; this is often absent

(more often in larger individuals) resulting in the

nostrils appearing "confluent, each nasal organ

appearing as a bifid tentacle" (Fraser-Bruner

1943:16). Fins without dark spots. Individuals 100

mmand greater with four dark bars on the sides

and lacking dark spots on the body.

Description.— { 10 specimens) D 12-13, the first un-

segmented; A 12-14, the first unsegmented; P

19-21; vertebrae 9 + 12-21 (Gunther 1870).

Head width 0.34-0.43 ix = 0.39; SD =
0.03), body

width 0.39 - 0.52 (x = 0.45; SD = 0.05), peduncle

length 0.12-0.16 (x = 0.14; SD = 0.01), eye 0.09-

0.17 ix = 0.12; SD = 0.02) greatest in smaller

specimens. Dorsal, anal, and caudal fins all

rounded, middle rays longest. Nasal tentacles

with a pair of lateral openings which are separated

by a thin membrane which is often broken or re-

sorbed, especially in larger individuals, resulting
in the nasal organ appearing as a bifid tentacle.

S-D spines 9-12, S-A spines 10-11, about 9 spine
rows over dorsum between pectoral fin bases,

about 15 spine rows over ventrum between pec-

toral fin bases. Five frontal spines. Longest frontal

spines 0.15-0.23 ix = 0.19; SD = 0.03), greatest in

smaller specimens, pectoral axil spines 0.11-0.20

ix - 0.15; SD - 0.03). Frontal spines longest on

body; 1.12-1.35 (x = 1.25; SD = 0.08) times pec-
toral axil spines, although many dorsal spines

nearly as long. Ventral spines shorter than dorsal

spines (ca. 1.4 in dorsal spines). Lateral spines

FIGURE 13.—Diodon nicthemerus, 110 mmSL, Victoria, Australia (AMS 1.16990-004).
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nearly as long as dorsal spines (ca. 1.2 in dorsal

spines). Spines long and narrow. Subdermal lat-

eral bases short (1.5-5 in shaft length) and the

shaft extension reduced or lacking. No spines on

caudal peduncle, but along base of both dorsal and

anal fins there is a spine whose shaft extends onto

the peduncle. No short fixed spine with three sub-

dermal bases immediately above the gill opening.
One or two spines originating between eye and gill

opening which extend over the depression sur-

rounding the gill opening. No spines on the snout,

but a broad spineless area around the eye. Aside

from nasal organs, no barbels or tentacles.

Upper parts in preserved specimens uniformly

dark brown to grey with four dark bands descend-

ing onto the sides: the first below the eye, the

second between the eye and gill opening, the third

behind pectoral fin, and the fourth below dorsal

fin. The first two bars are swept back and the third

swept forward. The second and third bars some-

times meet below the pectoral fin to form a ring

about its base and the gill opening. White to light

grey below a level even with the mouth i except the

bars) with no ventral spotting. Fins somewhat

dusky but unspotted. In specimens of about 100

mmthe uniformly dark dorsum is broken up into

large blotches which appear as continuations of

the lateral bars. In smaller fish the dorsal blotches

are broken up into small diffuse dark spots (ca.

one-half of eye diameter): some of the spots in

association with spine bases. Belly is unspotted at

all sizes. Le Danois (1959) stated that the bars

become lighter in color in large specimens.

Scott ( 1962:299) gave the following information

on live coloration: greenish indigo above, white to

silvery below, four dark bars on the sides with

several large yellowish spots incorporated in the

bars, fins plain yellowish-green and the spines

lemon-yellow. An excellent color photograph was

provided by Coleman (1974:99).

The largest specimen examined was 158 mmSL.

However, both Le Danois (1959) and Scott ( 1962)

reported specimens of 280 mm. A 111-mm speci-

men was sexable as a male, but may not have been

mature.

Eggs, larvae, and pelagic stages.
—No information.

Sy nty pes. —MNHNB.1313 (75 mm) and MNHN
51 ( 100 mm) taken by Peron and Lesueur in Aus-

tralia. M.L. Bauchot examined these specimens
and provided notes and photographs. Le Danois

Figure 14. —Distribution of Diodon nicthemerus (squares), D. liturosus (circles), and D. holocanthus (triangles). Solid and hollow

symbols as in Figure 8. Dashed line indicates position of the Andesite line.
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( 1961) referred to MNHNB.1313 as the holotype

of D. nichthemeriis. There is no evidence that

Cuvier regarded it as such, and I prefer not to

regard Le Danois' statement as constituting a lec-

totype designation.

Distribution .

—Apparently confined to the south-

ern half of Australia and Tasmania (Figure 14).

Remarks. —Giinther (1870) was the first to place

this species in Atopomycterus , apparently on the

basis of Bleeker's (1865) diagnosis of A. diversi-

spuius, the type of the genus, as possessing a bifid

nasal tentacle and slender spines with long double

roots. However, as indicated above, the double

spine roots of D. nicthemerus are relatively short

and the bifid nasal tentacle is not a consistent

character. Bleeker (1865) in the first published

usage of the name Atopomycterus diversispinus,
based his brief description on an unpublished de-

scription of a specimen (NMHN 2159) by Ver-

reaux. M. L. Bauchot (pers. commun., MNHN,23

June 1975) reports that Le Danois ( 1959) was cor-

rect in stating that only the ventral and prepec-
toral dorsal spines have two bases. The postpec-
toral dorsal spines are tribased and fixed.

Fraser-Brunner ( 1943) followed Giinther ( 1870)

in placing/), nicthemerus in Atopomycterus (as a

subgenus of Dictoylichthys), apparently solely on

the basis of the bifid nasal tentacle. Fraser-

Brunner and Giinther regarded the condition of

the nasal tentacle to be of more importance than
the character of the spines, but this does not seem
tenable to me. Of the 11 specimens of D. nic-

themerus for which I have data, 6 (41-111 mm)had
tubular nostrils on both nasal tentacles, 1 ( 84 mm)
had one tubular and one bifid tentacle, and 4

(100-158 mm) had a pair of bifid nasal tentacles.

This indicates that the bifid nasal tentacle is an

ontogenetic character that cannot be used in

generic classification. The spines of D. nic-

themerus, aside from their reduced lateral roots

and anterior shaft extension, are no different from
those of the other species of Diodon.

Diodon hlochii Castelnau is placed in synonomy
with D. nicthemerus with some doubt. The type
cannot be found in MNHN, AMSor in the Na-
tional Museum of Victoria, Australia. The de-

scription is incomplete and does not fit exactly any
of the five species considered here, but of those, it

matches D. nicthemerus most closely, particularly
in meristic characters.

The distribution of D. nicthemerus is unusual

for a Diodon in both its limited range and its

location in a temperate rather than tropical area.

This limited range might indicate a pelagic stage
that is less well developed than that of other mem-
bers of the genus, but if this species requires a

temperate environment it may have colonized all

the available habitat within a reasonable disper-
sal range (although in a personal communication
of 4 February 1976, J. Moreland reports that there

were no specimens of any Diodon sp. in the collec-

tions of the National Museum of New Zealand).

Coleman (1974) reported that D. nicthemerus

inhabits areas of sand or mud bottom and feeds on

molluscs, crustaceans, and echinoderms.

Material examined. —Nine specimens, 41-158 mm.
All specimens from the Australian Museum: 1.13619 (41 mm)

Swan R., West Australia; 1.12840 (67) Fremantle, West Au-

stralia; I.A.629 (78.5) King George's Sound, West Australia;

1.16899-003 (84.5) Jervis Bay; I.A.5829 (104) Port Franklin,

Victoria; 1.16990-004 (110) Port Phillip Bay, Victoria; 1.16894-

001 (111) Jervis Bay; 1.6240 (111) Tamar R., Tasmania;
1.17564-001 (158) Snug Beach, Tasmania.

DIODONLITUROSUSSHAW

Short-spine Balloonfish

(Figures 5, 15, 16)

Le Diodon Tachete Lacepede 1798:13-15 ("New

Cy there").

Diodon liturosus Shaw 1804:436 (Indian Seas);

Masuda et al. 1975:140, 335 (southern Japan).
Diodon maculatus Dumeril 1855:278 (Latiniza-

tion of Le Diodon Tachete Lacepede) after Bib-

ron MS.
Paradiodon novem maculatus (not of Cuvier):

Bleeker 1865:57-58, pi. 206 (East Indies).

Diodon maculatus var. B: Giinther 1870:308

(East Indies).

Diodon bleekeri Giinther 1910:475-476, pi. 179

(Society Is.); Herre 1924:506-507 (Philippine

Is.); Orsi 1974:176 (Vietnam).

Diodon holacanthus (not of Linnaeus): de

Beaufort 1962:410-412 (Indo-Australian ar-

chipelago); Bagnis et al. 1972:227 (French

Polynesia).

Dicotylichthys punctulatus (notof Kaup): Grant

1972:472 (Australia).

Diagnosis. —Round-bodied Diodon, head width

0.33-0.42, peduncle length 0.12-0.18. Caudal

peduncle without spines. Body spines short and
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numerous. S-D spines 16-21, S-A spines 17-22.

Frontal spines 0.04-0.10, much shorter than pec-

toral axil spines. A short, fixed tribase spine im-

mediately above gill opening. A short,

downward-pointing spine below the front border of

eye. Five frontal spines. D 14-16, A 14-16, P 21-25.

Nasal tentacle normally with a pair of lateral

openings. Usually two small barbels on the chin. A
fleshy tentacle may be present over each eye. Color

pattern dominated by large, light-edged dorsal,

and dorsolateral blotches. The lateral postpectoral

surfaces with small spots associated with the spine

axils. A dark gular band starting from below the

eye and continuing under the chin. Fins without

spots except at bases.

Description. —(27 specimens) D 14-16, A 14-16,

the first two rays undivided; P 21-25. Head width

0.33-0.42 (.r
= 0.36; SD - 0.03), body width

0.35-0.51 Lv = 0.41; SD = 0.04); peduncle length
0.12-0.18 (.V

= 0.15; SD = 0.01), eye 0.08-0.15

(X = 0.10; SD = 0.02). Dorsal, anal, and caudal

fins rounded, middle rays longest. Nasal tentacles

normally with a pair of lateral openings; occa-

sionally, the end of the tentacle is split, giving
rise to a bifid nasal tentacle without nostrils.

When split, the bifid arms tend to become thick-

ened and papillose.

S-D spines 16-21. S-A spines 17-22, about 14

spine rows over the dorsum between pectoral fin

bases, about 26 spine rows over the ventrum be-

tween pectoral fin bases. Five frontal spines.

Longest frontal spine 0.04-0.10 ix = 0.07; SD =

0.02), pectoral axil spines 0.10-0.15 (.v =0.12;

SD = 0.01). Pectoral axil spines longest on body,

0.40-0.78 (X = 0.61; SD = 0.09) in frontal spines.

Spines generally short. The only markedly elon-

gate dorsal spines are those above the pectoral fin

(ca. 0.60 in frontal spines). Frontal, middorsal, and

lateral (excluding pectoral axil spines) spines all

of about the same length. Ventral spines some-

what shorter (ca. 1.3 in frontal spines I. The spines

of the interorbital region and nape often reduced

or buried, especially in individuals larger than

150 mm, but, in any case, shorter than frontal

spines. The shaft extension is variably developed,
its size positively correlated with the size of the

lateral bases. No spines on caudal peduncle, but

along the base of both dorsal and anal fins there is

a spine whose shaft extends onto the peduncle. In

two of the specimens examined these spines were

on the peduncle, but they were still clearly as-

sociated with the fin bases. A short, fixed tribase

spine immediately above the pectoral base. Three

short, flat spines with broad lateral bases form the

anterior border of the gill opening. A short,

downward-pointing spine below the anterior bor-

der of the eye.

Two small barbels on the chin. A fleshy tentacle

above each eye present in about one-third of the

specimens. Rarely, a more extensive set of tenta-

cles along the ventrolateral edge of the body simi-

lar to that described for D. holocanthus .

Background color in preserved specimens varies

from dark brown to light buff. The color pattern is

dominated by several large dark brown to black

blotches on dorsal and lateral surfaces. These

blotches edged in a color lighter than background

FIGURE \5.—Diodon liturosus. 142 mmSL, Ko Samet, Thailand (CAS 30967).
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color (usually white I. The blotches are located as

follows: (Figure 16): 1) one round blotch around

the base of the dorsal fin; 2 1 one round blotch

middorsally about midway between the dorsal fin

and pectoral base; 3) one round blotch above each

pectoral fin along the dorsolateral surface just

posterior to the fin base; 4) a broad transverse bar

across the occipital region; 5) an irregularly

shaped blotch immediately below the occipital

blotch, between the eye and pectoral fin; and 6) a

bar which crosses each eye downward and usually

connects with a broad gular band across the ven-

tral surface just behind the mouth (the bar which

crosses the eye does not extend across the interor-

bital). The chin barbels are located within the

gular band, but are light in color. Postpectorally

the lateral surfaces are marked with small

( <pupil diameter) spots associated with the spine

axils. No spots dorsally or ventrally (except in

specimens <50 mm). Specimens of 100 mmmay be

mottled on the caudal peduncle and often have

four spots on the iris. Ventrum white and fins

unmarked except at bases. A 24.5-mm specimen is

light brown dorsally and covered everywhere (ex-

cept fins) with small (ca. —
pupil) dark spots. The

spots are less dense on the belly and are not as-

sociated with the spine bases. Color in life essen-

tially the same as above but fins yellow.

The largest specimen examined was 349 mm.
However, de Beaufort (1962) reported specimens
of 500 mm, and Masuda et al. (1975) reported a

specimen of 600 mmtotal length.

Eggs, larvae, and pelagic stages.
—No information.

However, the 24.5-mm specimen mentioned above

which has "pelagic spotting" may be a pelagic

juvenile (the collection data are incomplete). The
smallest specimen definitely found inshore was 94

mm.

Holotype. —Shaw (1804) based his description on

that of Lacepede ( 1798), who in turn had based his

on a manuscript description by Commerson. The
fish illustrated by Commerson is apparently lost.

Distribution .
—Diodon liturosus ranges through-

out the Indo-West Pacific (Figure 14) from South

Africa to Japan and the Society Islands, but is

absent from Hawaii. Areas of overlap with the

closely related D. holocanthus are along the edges
of the Pacific and Indian Oceans.

Remarks. —Diodon liturosus usually has been

considered a junior synonym of D. holocanthus

(e.g., Le Danois 1959) but if recognized as a dis-

tinct species has generally been called D. hleekeri.

Shaw's (1804) description is short and based al-

most totally on color. However, several details

clearly indicate which species is involved. The dis-

tribution and number of spots, particularly the

"two transverse ones, the first situated beneath

the eye and the second between the eye and pec-

toral fin" (Shaw 1804:436, emphasis mine), and

the "dusky cloud" marking the throat clearly

eliminate D. holocanthus, and apply only to D.

Hturosus as described above. In addition, Lacepede
( 1798) gave a pectoral fin ray count of 24 which is

rare for D. holocanthus (Lacepede did not provide
a Latin binomial in his description of Le Diodon

Tachete).

Figure 16. —Dorsal view of Diodon lituro.sus. note lack of interorbital bar. Samespecimen as in

Figure 15.
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Giinther ( 1910) did not designate a holotype or

syntypic series for D. bleekeri, but his description,

along with the included plate by Garrett, provide
sufficient information to synonymize this nominal

species with D. Uturosus.

In large part the confusion between D. holocan-

thus and D. Uturosus has resulted from the limited

geographical overlap in the distributions of these

two species. Because comparative material of both

species is rarely available from a given area, it is

not surprising that these similar species have
been confused, especially considering the less than
detailed descriptions available.

Nothing is known of the ecology of this species.

Material examined. —30 specimens, 24.5-340 mm.
INDIAN OCEAN: RUSI 3707 (1:124) Port Elizabeth, South

Africa. AUSTRALIA: AMSB.1349 (1:128) Port Jackson, New
South Wales. EAST INDIES: AMSB.7810 (1:114) Malay Ar-

chipelago; CAS28225 (3:105-116) Madang, NewGuinea; BPBM
19239 (1:132) Ambon, Molucca Is. PfflUPPINE IS.: CAS 38383

(1:130) Panay. GULFOFTHAILAND: CAS30967 (4:107-162)

Ko Samet, Thailand; GVFstn 135 ( 1:186) Gob Proet I. Thailand;
GVFstn 8 (1:201) Gob Kram I. Thailand; GVF2646 ( 1:264) Gob
Luem I. Thailand; GVF 2067 (4:94-152) Bangkok. JAPAN:
CAS6987 ( 1:24.5) Misaki. PALAUIS.: GVFstn 57-45 (1:155);

GVF stn 61 (2:133-139); GVF stn 57-43 (1:217). KAPIN-
GAMARINGI: GVFstn 51 (1:125). SOLOMONIS.: CAS6004

(1:123) Bellona I. AMSB. 1350 (1:112) Solomon Is. SOCIETY
IS.: GVF (no station data) (1:340) Moorea; GVFstn 39 (1:195)

Bora Bora; BPBM8745 (1:313) Tahiti.

DIODONHOLOCANTHUSLINNAEUS

Balloonfish or Spiny Puffer

(Figures 17, 18)

Diodon holocanthus Linnaeus 1758:335 ("Habitat

in India") after Artedi 1738; Marshall
1965:500-501, pi. 63 (Queensland, Australia);

Orsi 1974:176 (Vietnam).

Diodon pilosus Mitchill 1815:471, pi. 6 (New
York); De Kay 1842:326, pi. 55 (New York).

Diodon novemmaculatus Cuvier 1818:136, pi. 6

(no locality given).
Diodon sexfnaculatus Cuvier 1818:136-137, pi. 7

(no locality given).

Diodon quadrimaculatus Cuvier 1818:137, pi. 6

(Tahiti? - see text).

Diodon multimaculatus Cuvier 1818:137-138, pi.

7 (no locality given).

IDiodon macuUferl Kaup 1855:229 (Cape of Good

Hope).
Paradiodon quadrimaculatus: (Bleeker 1865:57-

58, pi. 212 (East Indies).

Trichodiodon pilosus: Bleeker 1865:49; Giinther

1870:316 (both after Mitchill 1815).

Atopomycterus bocagei Steindachner 1866:447-

478, pi. 6 (Port Jackson, Australia).

FIGURE n.—Diodon holocanthus, 195 mmSL, Wolmar, Mauritius (BPBM 20255). Photo by J. E. Randall.
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Diodon maculatus var. A (not of Lacepede):

Giinther 1870:307-308, 1910:475 (various

localities).

Diodon liturosus (not of Shaw): Jordan and Gil-

bert 1883:377 (Panama); see Eigenmann( 1885)

for other references.

Diodon hystrix var. holocanthus Eigenmann
1885:298-306 (American seas).

Diodon holocanthus (alternate spelling): Jordan

and Evermann 1891:1746 (American seas),

1905:436-437 (Hawaii); Jordan and Snyder
1902:257 (Japan); Herre 1924:505-506 (Philip-

pines); Meek and Hildebrand 1928:829-831

(Panama); Le Danois 1959:231 (in part) (various

localities); Randall 1968:282 (Caribbean).

Diodon hystux (not of Linnaeus): Meek and Hil-

debrand 1928:827-829 (in part) (Panama); Poll

1959:354-355 (West Africa).

Diagnosis. —Round-bodied Diodon, head width

0.26-0.46, peduncle length 0.09-0.20. Caudal

peduncle without spines. Body spines rather long,

moderate in number. S-D spines 12-16, S-A spines
12-15. Frontal spines 0.13-0.28, from slightly

shorter to much longer than pectoral axil spines. A
short, fixed triba.se spine immediately above the

gill opening. A short, downward-pointing spine
below the front border of the eye may be present in

Atlantic specimens, but is absent in Indo-Pacific

specimens. D 13-15, A 13-15, P 21-24. Nasal tenta-

cle with a pair of lateral openings. Two small bar-

bels on chin. On inshore specimens sets of short,

fleshy tentacles: one over each eye, a pair in the

middle of the back, six along the ventrolateral

edge of body, and one on the dorsolateral edge of

body posterior to pectoral fin. Some or all of the

tentacles often lacking. Color pattern dominated

by large dorsal and dorsolateral blotches. Small

spots often quite profuse between large blotches.

Fins without spots.

Description. —(45 Indo-Pacific and 28 Atlantic

specimens) Numbers given are those for Indo-

Pacific specimens, those in brackets are for At-

lantic specimens. The latter are given separately

only if they differ from the former. D 13-15 [14-

15], the first two unbranched; A 13-15 [13-14]; P
20-24 [20-23]; vertebrae (2 Pacific, 1 Atlantic

specimens) 12 + 9 = 21. Head width 0.26-0.46

(jc = 0.36; SD = 0.04) [0.33-0.43 (.r = 0.38;

SD = 0.03)], body width 0.33-0.51 (.r = 0.42;

SD = 0.05) [0.38-0.48 ix = 0.45; SD = 0.03)],

peduncle length 0.09-0.20 (.v = 0.15; SD = 0.03)

[0.12-0.17 U =0.14; SD = 0.02)], eye 0.07-0.17

(.Y=0.11; SD = 0.02) [0.08-0.15 (x = 0.12;

SD = 0.02)]. Dorsal, anal, and caudal fins

rounded, middle rays longest. Nasal tentacles

with a pair of lateral openings.
S-D spines 12-16 [13-15], S-A spines 12-15,

about 1 1 spine rows over the dorsum between pec-

toral fin bases, about 24 spine rows over the ven-

trum between pectoral fin bases. Four or five fron-

tal spines. Longest frontal spine 0.13-0.28

(.V = 0.18; SD = 0.03) [0.13-0.17 (.v = 0.146;

SD = 0.012)], pectoral axil spines 0.11-0.22

(.V = 0.16; SD = 0.03) [0.11-0.17 (.v = 0.144;

SD = 0.013)]. Frontal spines generally longest on

the body. Pectoral axil spines 0.89-1.38 (x = 1.12;

SD = 0.11) [0.90-1.23 (.V = 1.00; SD = 0.07)] in

frontal spines. Dorsal, dorsolateral, and lateral

spines about equal in length (ca. 1.1 in frontal

spines). Ventral spines somewhat reduced (ca. 1.5

in frontal spines). Spines at base of dorsal fin mod-

erate (ca. 1.5 in frontal spines) and extend over the

peduncle, but no spines wholly on the peduncle.
The subdermal lateral bases moderate (1.4-2.3 in

shaft length) except in ventral spines where they

may equal the shaft length. Shaft extension short,

but present on all spines except those on the top of

the head. No spines markedly reduced. A short,

fixed tribase spine immediately above the gill

opening and usually a second slightly posterior to

it above the pectoral base. Three or four flat spines
with broad lateral bases forming the anterior bor-

der of the gill opening. All but one of 86 Indo-

Pacific specimens examined without a short,

downward-pointing spine below the anterior bor-

der of the eye. However, Atlantic specimens usu-

ally have this spine on at least one side (52 of 58

examined).

Two small barbels on the chin. Specimens taken

pelagically (5-86 mm) lack these as well as the

fleshy tentacles described next. A set of fleshy ten-

tacles is variably present; absence may be due to

damage or poor preservation. The full set of tenta-

cles consists of the following: 1) one over each eye,

2) one pair middorsally (ca. one-third of the way
between pectoral fin base and dorsal fin), 3) two

along each postpectoral dorsolateral edge, 4) two

along each postpectoral ventrolateral edge, and 5)

four along ventrolateral edge of head.

Background color in preserved specimens light

tan or grey to medium brown. The color pattern
dominated by several large dark brown to black

blotches on dorsal and lateral surfaces. Blotches

usually lack a distinct light colored border.

Blotches arranged as follows (Figure 18): 1) one
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round blotch around the base of the dorsal fin, 2)

one middorsal blotch of variable shape about mid-

way between the dorsal fin and pectoral base, 3) a

round to squarish blotch above each pectoral fin

along the dorsolateral surface just posterior to the

fin base, 4) a broad transverse bar across the occip-

ital region, 5) a bar beginning below each eye and

extending on to the interorbital (in Indo-Pacific

specimens this bar is usually continuous across

the interorbital, but in Atlantic specimens it is

often not), 6) occasionally, a rather diffuse lateral

bar between eye and gill opening. The dorsal and
lateral surface with scattered small ( <pupil
diameter) spots the same color as the blotches;

these are variable in number and size and rarely

may be entirely lacking; they are not associated

with the spine axils. Ventral surfaces white, but

may be marked with spots which tend to be larger
than the dorsal spots. This "pelagic spotting"

(Figure 19) of the belly (see section on Eggs, lar-

vae, and pelagic stages) is always found on speci-

mens taken pelagically, but is often retained on

specimens collected inshore (60-200 mm); this

seems to be the case particularly with eastern

Pacific specimens. Pelagic spotting may extend

dorsally to the level of the pectoral fin. No dark
band on the underside of the head. Fins unspotted,

except for some small clusters of melanophores
associated with the fin rays. Color in life essen-

tially the same as above, but fins may be yellowish
and there may be yellowish areas around the spine
bases.

The largest specimen examined was 289 mm.
There are literature reports of much larger speci-

mens, but these may be based on misidentifica-

tions. However, it is clear that/), holocanthiis does

not reach the size of Z). hystrix.

Eggs, larvae, and pelagic stages.
—The eggs and

larvae of D. holocanthiis were initially identified

by rearing eggs from plankton tows. Three larvae

were successfully reared through metamorphosis.
These fish lived 25-33 days after hatching before

being preserved. One was cleared and stained.

The eggs of D. holocanthiis are spherical, with

10-30 clear, yellowish oil droplets of 0.05-0.25 mm
in diameter. The eggs are pelagic, with a narrow

perivitelline space, unsegmented yolk, and a

Figure 18. —Dorsal view of Diodon holocanthus, note interorbital bar. Oahu, Hawaiian Islands, 150 mm
SL IHIMB, uncataloged).
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Figure 19. —Ventral view of pelagic juvenile of Diodon holocanthus, 14.5 mmSL, Hawaiian waters

(HIMB, uncataloged). Note pelagic spotting.

clear, unornamented chorion. The diameter of the

live eggs is 1.7-1.8 mm{x = 1.74; SD = 0.03;

n = 16) and of preserved eggs is 1.6-1.8 mm
(X = 1.69; SD = 0.06; n - 191). These means are

significantly different at the 57( level (^-test) and a

shrinkage of about 49^ upon preservation in 5-10%

seawater-Formalin-'^ is indicated. Rearing experi-

ments indicate that the eggs are spawned in the

early evening and hatch in 4-5 days at about 25°C.

In rearing containers, the eggs sink to the bottom

12-24 h before hatching.

Embryonic Development: The development of D.

holocanthus eggs is similar to that of Ranzania

laevis (see Leis 1977). Development is described

here with emphasis on differences between

these two species.

Early stage (preclosure of blastopore, Figure
20). The earliest eggs collected were in mid-

gastrulation. The oil droplets are tightly clus-

tered opposite the embryonic axis. These
move with the germ ring to the caudal end of

the embryo by blastopore closure where they

subsequently start to disperse. The elapsed
time between midgastrulation and blastopore
closure is 3 h. Somesegmentation can be per-

ceived on the embryo, but in general little

structure is evident. No pigment has formed.

Middle stage ( blastopore closure to separation of

the tail bud from the yolk, Figure 21). The oil

droplets remain scattered over the caudal

one-fourth of the yolk sac. The eyes, heart,

brain lobes, and otic vesicles are formed

within 18 h of blastopore closure. The head is

broad and no pigment is visible.

1.00

^Reference to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.

Figure 20. —Early stage egg of Diodon holocanthus. After

Watson and Leis (1974), scale in millimeters.
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Figure 21. —Developmental stages of Diodon holocanthus

eggs: (A) blastopore closure, (B) middle stage, and (C) late

stage. Egg diameter ca. 1.75 mm.

Late stage (tail bud completion to first eye pig-

mentation and melanophores on body. Figure
21 ). The oil droplets are on the ventral surface

of the yolk sac. The head becomes very broad

and enclosed by an inflated vesicular dermal

sac which eventually expands to enclose the

entire body by the end of this stage. The pec-

toral fins are well-formed and are occasionally

moved by the embryo. An odd hooklike struc-

ture which seems to be the incipient pectoral

girdle can be seen in live material in the vicin-

ity of the base. The gut forms a long, straight

tube. The eyes develop their first pigment dur-

ing this stage, and a few melanophores appear
on the head and dorsal surfaces. At about this

time red chromatophores appear, scattered

throughout the dermal sac and on the fin buds

and folds.

Final stage (acquisition of full eye pigmentation

through hatching). The oil droplets are no

longer visible, being enclosed with the yolk
sac within the abdomen. The mouth apparent-

ly becomes functional now, and the exhalant

gill openings are visible. The eyes are com-

pletely, if lightly, pigmented. Body
melanophores have spread over most of the
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dorsal surfaces. No melanophores are present

on the postanal myomeres or on the dermal

sac.

Identification of Eggs: The combination of size

( >1.5 mm) and numerous oil droplets serves to

distinguish the eggs of D. holocanthus from

those of all other pelagic eggs except those of

other tetraodontiform species. The eggs of the

molid Ramania laevis have been described by
Leis ( 1977). Ramania laevis eggs may be distin-

guished from D. holocanthus eggs by the

former's smaller size (1.4-1.65 mm) and by the

extensive pigment which develops on the ven-

tral surface of the yolk sac of R. laevis in the

middle stage.

Hawaiian ostraciid eggs (Ostracion and Lac-

toria) may be distinguished by their slightly

oblong shape, fewer oil droplets ( <10), but most

reliably by a patch of bumps on the chorion

surrounding the micropyle. This "rough patch"
is easilv overlooked.

FISHERY BULLETIN; VOL. 76. NO, 3

Diocion hystrix eggs are the only other Diodon

eggs known ( see section on D. hystnx). They can

be distinguished from those of D. holocanthus by
their larger size ( >1.9 mm), greater number of

oil droplets ( >30), and the orange (rather than
red) pigment.

Larval Development: Fifteen reared and 12

field-collected larvae in good enough condition

for descriptive purposes were available. Mor-

phometric data are summarized in Table 4.

The newly hatched larva has well-developed,

apparently functional eyes, jaws, and gas blad-

der (Figure 22). The pectoral fins are quite

large, although no rays are formed. The larvae

are 1.9-2.1 mmSL at hatching and the body is

rotund. Development in reared larvae is slow.

Dorsal and anal fin anlagen form by day 10 (2.4

mm, Figure 22); the olfactory pit also forms by
this time and the eyes have become proportion-

ally larger. The oldest reared larva available

was 16 days old, but it was smaller than the

Table 4. —Morphometric and meristic data for larval and juvenile Diodon holocanthus

(measurements in mm). ? indicates individuals of unknown age, from plankton samples;
X indicates damaged.

Age (days)
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Figure 22. —Reared larvae ofDiodon holocanthus: (top) newly

hatched larva 2.0 mm, (middle) 10-day-old larva 2.4 mm, and

(bottom) dorsal view of 10-day-old larva with pigment omitted.

day-10 larvae and appeared emaciated. There

are incipient fin rays and bases visible in the

fins of the 16-day-old larva, but it otherwise is

not obviously advanced over the 10-day-old

specimen. There is no sign of development of

the caudal fin complex. The largest larva avail-

able is a 2.7-mm field-collected specimen which

is no more advanced than the day- 16 larva. The

dermal sac is inflated in young larvae (Figure

22), but the subdermal space is virtually gone

by day 10 (Figure 22).

The larvae are more or less uniformly pig-

mented with scattered melanophores on the

dorsal surfaces at all stages. The pigment

spreads laterally, but there is little below the

level of the pectoral fin and the ventral surfaces

remain devoid of melanophores until metamor-

phosis. The newly hatched larvae have no

melanophores posterior to the anus (Figure 22),

but by day 10 postanal pigment has spread to

the middle of the dorsal fin anlage. In life, the

newly hatched larva is covered with widely
scattered red chromatophores on the dermal

sac and fins. The red pigment persists through
the larval stage and on about day 2 it is

supplemented by a yellow background pigment

covering all the body surfaces (not the dermal

sac), but being most obvious ventrally due to a

lack of melanophores there.

A 2.0-mm field-collected specimen was
cleared and stained. The only ossified struc-

tures were the cleithrum, coracoid, and six

branchiostegals.

Juvenile Development: Metamorphosis appar-

ently occurs at ca. 3 mmat an age of about 3

wk. The smallest juvenile available is 3.8 mm
and resembles Mito's (1966) illustration of a

3.7-mm juvenile except that Mito's fish had

smaller eyes. The caudal, dorsal, anal, and pec-

toral fins are all formed as are the teeth, and

the body is covered with small spines. The

spines do not appear to be erectile, but the fish

is capable of inflation. The spines are covered

with a sheathlike tissue. They elongate rapidly

with growth and by 4.8 mmSL (Figure 23) they

are obviously erectile. The nostrils are formed

in the 3.8-mm flsh, although the nasal tentacle

with two lateral openings is not formed until

4.8 mmSL, and in fish as large as 6.0 mm. it

may be open at the ends. The 4.8-mm fish is in

all respects a miniature adult with all external

structures formed and functional. External

changes to the adult stage involve only changes
in proportion; the spines in particular elongate,

the body becomes less rotund and the eye rela-

tively smaller. Morphometric and meristic data

are summarized in Table 3.

A 33-day-old juvenile of 6.7 mmwas cleared

and stained. The vertebral column and skull are

incompletely ossified but all other structures

are ossified. The vertebral formula is

12 + 9 = 21 and the vertebral column is

strongly arched. There are 1 1 dorsal and 1 1 anal

pterygiophores which are associated with ver-

tebrae 12-16 and 13-17, respectively.

At metamorphosis, pigment changes radi-

cally. The background color in live material is

still predominantly yellow with scattered red

chromatophores but this does not persist. Dor-

sally, the melanophores are scattered fairly uni-

formly, with a concentration at the pectoral base

and very little pigment on the caudal peduncle.
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Ventrally, however, a number of distinct spots

have formed that cover the belly (Figure 23).

The spots (pelagic spotting) are at first close

together but become less numerous and propor-

tionately larger, aligning in rows with growth

(Figure 19). Dorsal spotting (always more dif-

fuse than ventral spotting) begins to form at

around 10 mmand the characteristic dorsal

blotch pattern is generally visible by 30 mm,
although in pelagic specimens the contrast with

the background color is not great. The pelagic

spotting is retained in all pelagic individuals

examined (to 86 mm) and in some specimens
collected inshore. The fins remain unpigmented
except for a few melanophores along the fin rays
of the dorsal fin.

Identification of Larvae and Juveniles: Diodon-

tid larvae are likely to be confused only with the

rotund, heavily pigmented, sac enclosed

ceratioid larvae and other tetraodontiform lar-

vae. Reference to Bertelsen's (1 95 1 ) work should

allow ceratioid larvae to be distinguished as

such. Rotund tetraodontiform larvae may be

distinguished from diodontid larvae as follows:

molids by their body spination and early form-

ing pectoral rays; ostraciids by their pigmenta-
tion and early forming pectoral rays; tetraodon-

tids by their relatively more elongate body
shape and early forming fin rays. Diodon larvae

are heavily pigmented only on dorsal surfaces,

do not develop fin rays until near or at

metamorphosis, have very wide heads and
bodies ( >body depth), and have very wide
mouths.

The larvae of D. hnlocanthus can be distin-

guished from the putative D. hystrix larvae, the

only other larval diodontid known, by the less

Figure 23.— Reared juvenile of

Diodon holocanthus, 4.8 mmSL, 25

days old. Note pelagic spotting.

Hawaiian material.

well-developed condition at hatching of the lat-

ter (see section on D. hystrix). In addition, D.

hystrix larvae are predominantly orange upon

hatching while those of D. holocanthus are yel-

low. Melanophores of D. holocanthus do not

extend onto the postanal myomeres past the

middle of the dorsal and anal fin anlagen; the

postanal myomeres of D. hystrix are moderately

pigmented. Lastly, the eyes of Z). hystrix larvae

are smaller than those of D. holocanthus larvae

(Tables 2,3).

Once the spines form, the lack of caudal

peduncle spination, fin ray counts and spine

placement serve to distinguish D. holocanthus

from all other Diodon species (see Key).
The duration of the pelagic stage is unknown,

but judging from reared specimens, metamor-

phosis occurs about 3 wk after hatching at about

4 mmSL. The largest individual captured pelag-

ically was 86 mmwhile the smallest captured
inshore was 60 mm. A certain amount of plastic-

ity in the duration of the pelagic stage is indi-

cated, but its length clearly must be measured
in terms of months. No special adaptations for

pelagic life are evident in these juvenile stages

except, perhaps, in color. In the tetraodontiform

fishes (except the molids) the larval stage is

short and relatively unspecialized, while a rela-

tively unmodified pelagic juvenile stage may be

quite long (see Remarks under D. eydouxii).

This strategy (for dispersal?) is in marked con-

trast to that in many advanced perciform
shorefishes (e.g., Acanthuridae, Chaetodon-

tidae) where bizarrely modified and long-lived

larval and pelagic prejuvenile stages are de-

veloped which subsequently undergo marked
(and rapid) metamorphosis upon becoming
benthic.
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Diodon holocanthus eggs and larvae have

been found in Hawaiian waters from February

through September, with an apparent peak in

abundance in May-June, although they are

never common. Larvae usually occurred singly

in plankton tows ( volume filtered 200- 1 ,000 m-'^).

Although as many as 30 eggs 1.000 m'^ have

been taken, 1-5 eggs/1,000 m^ were more usual,

and most tows contained none. Eggs were usu-

ally found close to shore, but larvae rarely were

found closer than 1 km from shore (pers. ob-

serv.).

Holotype. —No holotype or type-series is known to

exist. Linnaeus based his description on that of

Artedi (1738).

Distribution .
—Diodon holocanthus is circumtrop-

ical in distribution, but is seemingly absent in the

southwest and central Pacific east of the andesite

line (the separation of continental from oceanic

rocks, Figure 14). However, it reappears in

Hawaii, Pitcairn, and Easter Islands. Cuvier's

holotype of D. quadrimaculatus was allegedly col-

lected by Peron in Tahiti (see Le Danois 1961).

Inasmuch as it is known that much of the locality

data accompanying Peron's specimens are incor-

rect (associated with a shipwreck, see Whitley
1931:25) this record is questionable. There is evi-

dence of divergence of the Atlantic population! s)

from those of the Indo-Pacific (see Remarks).

Remarks. —I follow the spelling holocanthus

(rather than holocanthus of many authors) which

was used consistently by both Linnaeus and Ar-

tedi (see also Bailey et al. 1970), and is thus not

considered to be a misprint as maintained by Jor-

dan and Evermann (1891). Linnaeus' description

is brief; the only useful information being the

statement that the spines are terete and ex-

tremely long on the head and nape. However, this

can apply only to D. nicthemerus or D. holocan-

thus. Assuming that "Habitat in India" means

India as understood today, and not the entire

Indo-Pacific, D. nicthemerus is eliminated. How-

ever, even if "Habitat in India" means the entire

Indo-Pacific, it is unlikely that specimens of D.

nicthemerus, a species apparently confined to

southern Australia, could have reached Artedi by
1738. In any case, subsequent usage and stability

demand that the nameD. holocanthus apply to the

species described above.

Diodon pilosus is synonymized with D. holocan-

thus on the basis of Mitchill's observation that no

spines were present between the dorsal and caudal

fins of his small (ca. 38 mm) NewYork specimen.

Diodon holocanthus is the only Atlantic species

that lacks peduncle spines. Mitchill distinguished

D. pilosus on the basis of its flxible spines, but this

is the usual condition in small specimens. No

holotype is known to exist.

Cuvier's types are extant. Information and

photographs of these specimens (catalog numbers

and other information are given by Le Danois

1961) provided by M. L. Bauchot (pers. commun.,

MNHN, 20 May 1975) clearly establish D.

novemmaculatus, sex?naculatus . quadrimac-
ulatus, and multimaculatus (all of Cuvier) as

junior synonyms of D. holocanthus . Inasmuch as

Cuvier's (1818) descriptions are relatively clear,

only his D. novemmaculatus requires comment.

The holotype of D. novemmaculatus (MNHN
A. 9928, 107 mm) is D. holocanthus, apparently

from the Atlantic (no locality data are available

for this specimen). A spine is present below the

anterior margin of the eye and the eye bar is dis-

continuous over the interorbital. Unfortunately,

Cuvier's figure resembles D. liturosus as much as

D. holocanthus (the figure shows the frontal spines

shorter than they actually are). This probably led

Bleeker (1865) to apply the name D. novem-

maculatus to D. liturosus.

Diodon maculifer Kaup ( 1855) is included here

with some questions. Kaup's description is of little

help, and no type material can be found in the

British Museum where it would be expected to

reside. The holotype may have been part of Kaup's
lost personal collection (A. C. Wheeler, pers. com-

mun.). Examination of one of the South African

(Kaup's type-locality) specimens of "Diodon

maculifer" listed by Giinther (1870) (BMNH
1845.7.3.103, 100 mm, loaned by A. C. Wheeler)

reveals it to be an inflated, dried D. holocanthus.

In this specimen, inflation is so great ( an artifact of

stuffing and drying?) that the subdermal spine

bases project through the dried skin. Thus, the

base of the spines appear to be expanded and

transversely compressed. The only characteristic

feature of Kaup's description is the compressed
nature of the spines, and it seems likely that his

description was based on a dried, inflated D.

holocanthus.

Steindachner's Atopomycterus bocagei can be

placed in the synonomy of D. holocanthus on the

basis of information on the holotype (NMV63848)
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provided by P. Kahsbauer (pers. commun., NMV,
1975). Steindachner's (1866) description is essen-

tially correct and unquestionably refers to D.

holocanthus. The placement of this specimen in

Atopumycterus was apparently based on the split

nasal tentacle (see section on D. nicthemerus). A

single split nasal tentacle was present on only 3 of

the more than 100 specimens of D. holocanthus

examined, so this condition is rare but not unpre-

cedented.

Both D. liturosus Shaw and D. maculatiis

Lacepede (the Latinized version of Le Diodon

Tachete) have been incorrectly applied to D.

holocanthus by various authors (see section on D.

liturosus).

For about the past 50 yr the chief sources of

confusion on the identity of D. holocanthus have

been confusion with D. histrix by some (mostly
American) authors and the lumping of D. liturosus

under D. holocanthus by nearly all authors. The

latter problem is discussed under D. liturosus.

The confusion between D. hystnx and D.

holocanthus stems primarily from three sources.

Many authors (e.g., Gosline and Brock 1960) have

conjectured that D. holocanthus is the young of D.

hystrix because the former does not reach a large

size, and few, if any, small specimens of the latter

were available. However, as discussed under D.

hystrix, this species is pelagic to ca. 200 mmand is

thus unavailable to inshore collecting. Inasmuch

as D. holocanthus does not commonly exceed 200

mm, the confusion was perhaps understandable.

Second, many early descriptions are poor and

keys often rely solely on the size of frontal spines

relative to the pectoral axil spines to distinguish
the two species. Especially in Atlantic specimens
of D. holocanthus, the frontal spines are likely to

be approximately the same size or even shorter

than the pectoral axil spines.

Finally, as noted by Clark andGohar( 1953) (see

alsoBagniset al. 1972:225), living/), hystrix ohen

display a dorsal blotch pattern not unlike that of

D. holocanthus. I have not observed this color pat-

tern in preserved D. hystrix.

The apparent divergence of the Atlantic and

Indo-Pacific populations of D. holocanthus men-

tioned above is of interest. At present, since D.

holocanthus is apparently absent from the Red Sea

and the Mediterranean, gene flow could occur only

around southern Africa. Evidence that this is ap-

parently not happening comes from the Indian

Ocean specimens which lack a snout spine and

have very long frontal spines in contrast to the

Atlantic specimens (Table 5). In addition, Poll's

( 1959) description (as D. hystrix ) of a west African

specimen is typical of the specimens from the

western Atlantic examined by me. The apparent
increase in frontal spine length from the Atlantic

to the Pacific to the Indian Oceans is curious.

Based on studies of other groups (Ekman 1967)

affinities might be expected between the Atlantic

and eastern Pacific populations, but no extension

to Hawaii and Easter and Pitcairn Islands would

be expected. The lack of the snout spine in all but

the Atlantic population and one Hawaiian speci-

men may indicate that the Atlantic population is

distinct. Fin ray counts are of little help in resolv-

ing this question. Because all the characters

which appear to differ between the Atlantic

specimens and those from other areas are rather

variable (although some are significantly differ-

ent in a statistical sense), I choose not to distin-

guish formally the populations nomenclaturally
at the subspecific level. If future study shows this

split to be desirable, the proper name for the At-

lantic specimens would be Diodon holocanthus

pilosus Mitchill.

Le Danois ( 1954 ) reported sexual dimorphism in

D. holocanthus, but her illustration of a female D.

holocanthus (p. 2355:fig. 3) appears to be D.

liturosus.

Material examined. —141 specimens, 5-289 mm.
EASTERNPACIFIC: NMFSLJ (1;18.5) 18°56'N, 104

=

10 "W;

NMFSLJ D31-133.25 ( 1:64. 5l 26°04.5'N, 112°48.0'W; NMFSLJ

TO-5801 ( 1:85.5) 5°29.5'N, 77°57'W; NMFSLJ ( 1:73.5) "350 mi.

west of Costa Rica"; NMFSLJ B-5011 157.40 (2:41-41.5)

21°32.5'N, 111°14.5'W; UA 66-39-18 (1:242) San Agustin Bay,

Sonora, Mexico; UA69-35-25 ( 1:245) Guaymas, Sonora, Mexico;

Table 5. —Comparison of selected characters of Diodon holocanthus from five regions (see also

Figure 6). n = number of individuals examined for snout spine.
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UA7 1-63-8 (1 : 1 45 ) Puerto Vallarta, Jalisco, Mexico; UA7 1-65-9

(1:126) IslaJaltemba, Jalisco, Mexico; SIO 59-373 (l:ca. 200) La

Jolla, Calif.; SIO 63-82 (l:ca. 90) Cape Marco, Colum-

bia. HAWAIIAN IS.: HIMB (3:135-289), HIMB 67-58 (1:67)

Kaneohe Bay, Oahu; HIMB (1:181) Punaluu, Oahu; BPBM
10635 ( 1:63), BPBM6977 (1:167) Diamond Head, Oahu; BPBM
5124 (1:129) French Frigate Shoals; NMFSH TC32-6,9,11,14

(6:12.5-30) 21°22'N, 158°14'W; NMFSH TC32-23 (1:14)

2r00'N, 158°30'W; NMFSH TC32-73 (1:7.0) 19°31'N,

156°06'W. SOUTHEASTPACIFIC: (all BPBM) 16459 (2:144-

168), 13251 (1:135), 16455 (1:122) Pitcairn I.; 6797 (1:150.5),

6798 ) 1:185), 6799 (1:158), 6800 ( 1: 156.5) Easter I. WESTERN
PACIFIC: GVF stn HK91 (2:85-109) 19"38'N, 111°30'E; GVF
2269 ( 1:128) Gulf ofThailand; CAS29126 (1:32) Ternate, Moluc-

cas; CAS 6987 (1:41) Misaki, Japan; CAS 6752 (3:100-114)

Wakanoura Kii, Japan; CAS 53402 (1:225) Hachijo I., Japan;

CAS 15849 (10:90-125) Taiwan Strait. AUSTRALIA: AMS
1.17228-001 (10:67-91) New South Wales. INDIAN OCEAN:
RUSI 2782 (1:47.5) Knysna, South Africa; RUSI 3709 (1:60.5)

East Cape, South Africa; RUSI 3710 ( 1:65) Inhaca, Mozambique:
BPBM 19022 (2:173-188) Negombo, Ceylon; BPBM 20255

( 1:195) Wolmar, Mauritius. WESTERNATLANTIC OCEAN:
CAS 4761 (1:150) Jamaica; CAS 54039 (1:94) Havana, Cuba;

CAS 18182 (2:50.5-57.5) 29°14'N, 88°19'W; CAS 17184 (1:91)

Pine I., Fla.;GCRLVTS:11184( 1:113) San Bias, Panama; LACM
1463 ( 1:84.5) Key Biscayne, Fla.; LACM6281, 6282, 6283, 6284,

5781, 5872 (23:64-159) southern Jamaica; NMFSLJ Gill 3-64

(1:59) 33°29'N, 76^40 'W; NMFSLJ Silver Bay 3458 (1:60)

29°03'N, 78°04'W; NMFSM Oregon 77-72-39-144 (1:12.5)

23°34'N, 82°22'W, 39-73 (1:13) 21°31'N, 86°14'W, 39-50 (1:24)

16°50'N, 80°13'W, 39-48 (1:24.5) 17°26'N, 79°26'W, 39-58 ( 1:30)

21°01'N, 80°14'W, 39-63 (2:10-40) 19°41'N, 84°13'W, 39-01

(1:23) 13°00'N, 60°00'W, 39-39 (1:45) 18°00'N, 73°00'W, 39-11

(1:56.5) 17°25'N, 63°00'W; NMFSM Bowers 75-126-8 (1:28)

26°00'N, 79°30'W; NMFSM Oregon 77-76-66-19786 (2:23-32)

18°18'N, 75°22'W, 66-19789 (2:20-30) 18°49'N, 74°44'W, 66-

19790 (6:27-34) 19°22 'N, 75°44'W, 66-19791 ( 18:19-33) 17°50'N,

74°47'W.

Note. —Since this paper was accepted for publica-

tion, NMFSH and most HIMB specimens were

transferrred to BPBM.
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